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ABSTRACT
Food allergies, defined as an immune response to food proteins, affect as many as 8% of young children and
2% of adults in westernized countries, and their prevalence appears to be rising like all allergic diseases. In ad-
dition to well-recognized urticaria and anaphylaxis triggered by IgE antibody-mediated immune responses,
there is an increasing recognition of cell-mediated disorders such as eosinophilic esophagitis and food protein-
induced enterocolitis. New knowledge is being developed on the pathogenesis of both IgE and non-IgE medi-
ated disease. Currently, management of food allergies consists of educating the patient to avoid ingesting the
responsible allergen and initiating therapy if ingestion occurs. However, novel strategies are being studied, in-
cluding sublingualoral immunotherapy and others with a hope for future.
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ABBREVIATIONS
TH2, T helper cells type 2; MHC, major histocompatibility complex; OIT, oral immunotherapy; CLA, cutaneous
lymphocyte antigen; PAF, platelet-activating factor; DBPC, double-blinded and placebo controlled.
INTRODUCTION
Approximately 25% of the United States population
believes that they have an allergic reaction to foods.
However, the actual incidence confirmed by history
and challenges suggests a prevalence rate closer to
2-8% in young infants and less than 2% in adults. The
most common food allergies in the United States are
milk, egg, peanut, soy, wheat, tree nuts, fish and
shellfish. The individual food allergy does vary by cul-
ture and population. Imamura’s recent survey of 1383
Japanese patients from 878 families in found milk,
eggs, wheat, peanuts, and soybeans, followed by ses-
ame and buckwheat were the most common allergies
similar to the United States.1 Bird’s nest allergy is the
most common in Singapore.2 The type of food aller-
gies can even vary across regions of Northern
Europe. In Russia, Estonia, and Lithuania; citrus
fruits, chocolate, apple, hazelnut, strawberry, fish, to-
mato, egg, and milk were most common self-reported
allergy. But, in Sweden and Denmark; tree nuts, ap-
ple, pear, kiwi, stone fruits, and carrot were the most
common self-reported food allergy.3 Reactions to
foods are not new and have been described for two
thousand years. The ancient Greek physician, Hippo-
crates, describes a reaction to milk in the 1st century.
Anaphylactic reactions to egg and fish have been de-
scribed as earlier as the 16th and 17th century.4
CLASSIFICATION
Adverse food reaction is a broad term representing
any abnormal clinical response associated with inges-
tion of a food and they are further classified as food
intolerance or food allergy based on the pathophysi-
ological mechanism of the reaction. Food intolerance
refers to an adverse physiologic response to a food
and may be due to inherent properties of the food
(i.e. toxic contaminant, pharmacologic active compo-
nent) or to characteristics of the host (i.e. metabolic
disorders, idiosyncratic responses, psychological dis-
order), they may not be reproducible, and they are
often dose dependent. It is believed that food intoler-
ance represents the majority of the adverse reactions
to food. Food allergy refers to an abnormal immu-
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Fig. 1 Classification of adverse reactions to foods.
nologic response to a food that occurs in a suscepti-
ble host. These reactions are reproducible each time
the food is ingested and they are often not dose de-
pendent. Based on the immunological mechanism in-
volved, food allergies may be further classified in a)
IgE-mediated, which are mediated by antibodies be-
longing to the Immunoglobulin E (IgE) and are the
best-characterized food allergy reactions; b) cell-
mediated when the cell component of the immune
system is responsible of the food allergy and mostly
involve the gastrointestinal tract; c) mixed IgE
mediated-cell mediated when both IgE and immune
cells are involved in the reaction (Fig. 1).5-8
EPIDEMIOLOGY
Many studies in the past few decades have shown
that although 40%-60% of parents believed their child’s
symptoms are related to food consumption, only 4%-
8% of children have symptoms reproduced by oral
food challenges.9-12 The prevalence of food allergy is
highest in infants and toddlers (6-8%) and decreases
slightly with age, affecting almost 4% of the adults.13-
15
Food allergy is the leading cause of anaphylaxis
treated in hospital emergency departments in West-
ern Europe and the United States. Food allergy alone
in the United States appears to account for approxi-
mately 30,000 anaphylactic reactions, 2,000 hospitali-
zations, and possibly 200 deaths each year.16 In chil-
dren, food allergy is the most common cause of ana-
phylaxis.17,18 Children with moderate to severe atopic
dermatitis have a higher prevalence of IgE-mediated
food allergy, estimated at about 10-30% depending on
the severity of atopic dermatitis.19-21 Food allergies
appear to play a role in over 90% of children with
eosinophilic esophagitis.22,23
The most common food allergens in the pediatric
population include cow’s milk, eggs, peanuts, tree
nuts, soy, wheat, fish, and shellfish, whereas peanuts,
tree nuts, fish, and shellfish predominate in adults in
the United States (US).11,12,14,24 The prevalence of
sensitization to the specific food allergens varies
based on the age and characteristics of the studied
population, but studies incorporating diagnostic food
challenges currently estimate that the prevalence of
cow’s milk allergy in infants is 2.5%, egg hypersensi-
tivity prevalence in young children is 1.6% and peanut
allergy is estimated to be between 0.8 and 1.5% in
young children in US and England.25-27 Most infants
with non-IgE mediated cow’s milk allergy “outgrow”
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their sensitivity by the third year of life, but about 10-
25% of infant with IgE mediated cow’s milk allergy re-
tain their sensitivity and about 50% develop sensitivity
to other foods.28,29 Most children with egg allergy are
also likely to develop egg tolerance by late childhood,
with the exception of patients with an egg IgE greater
than 50 kUL, who are unlikely to develop egg toler-
ance.30 Peanut, sesame seeds and tree nuts allergies
are more persistent with a chance of becoming toler-
ant is about 20% for peanut and sesame seeds and
about 10% for tree nuts.31-33
Sensitization to either cow’s milk or egg in infancy
are associated with an increased risk of environ-
mental allergy sensitization and asthma.21,34,35 Indeed
they appear to be the first steps of the atopic march,
that initiates in infancy with food sensitization and
atopic dermatitis and continues with environmental
allergies and rhinitis and asthma development after 1-
2 years of age.36
There has been a significant increase in the inci-
dence of food allergies including a rise of Emergency
Department visits for food allergic reactions.37,38
Moreover peanut allergy prevalence in children in US
and England doubled in the last few years in identical
telephone surveys.26,39 The reasons for the increase
in food allergy prevalence are not known, but, the
short period of time over which the increase oc-
curred, suggests that environmental factors are more
likely to be relevant than genetic factors as part of the
hygiene hypothesis.40,41 It is likely that additional fac-
tors play an important role such as methods of food
preparation, increased use of antacids, and exposure
to medicinal creams containing food allergens.7,8 The
introduction of food later in the infant diet has been
postulated to play a role in the increase of food al-
lergy.42
PATHOGENESIS
Food allergy is an immunological reaction against a
food allergen and is typically IgE mediated, not-IgE
mediated (i.e. cell mediated) or mixed IgE and not-
IgE mediated.
IgE-mediated classic food allergic reactions are
those that are immediate, reproducible, and readily
diagnosed by detection of food-specific IgE. In food
allergic individuals the majority of acute allergic reac-
tions to foods are due to the engagement of allergen
specific IgE antibody with its high-affinity receptor
(FcεRI), that is expressed on mast cells and baso-
phils, and low affinity receptor (FcεRII), which is pre-
sent on macrophages, monocyte, lymphocytes and
platelets. When a specific antigen binds the IgE
linked to the FcεRI it determines a receptor cross-
linking and consequent release of mediators.6,8 Even
if initially it was thought that mast cells were the prin-
cipal effector cells in IgE-mediated acute reaction, fur-
ther studies have shown that basophils play also a
major role in acute food allergy symptoms. Indeed pa-
tients with atopic dermatitis and food hypersensitivity
have higher rates of spontaneous release of hista-
mine from basophils that normalizes after the offend-
ing food has been removed from the diet. Normal se-
rum tryptase levels (a specific marker of mast cell ac-
tivation) in patients with food-induced anaphylaxis
have been reported on occasion suggesting an in-
volvement of histamine release from tryptase nega-
tive cells, such as basophils.45,46
The intrinsic properties of the food allergens may
contribute to whether the allergen favors allergic im-
mune responses. Indeed relatively few foods (egg,
milk, peanut, tree nuts, fish, shellfish, wheat, and
soy) account for most of the allergic reactions.47
Characteristics common to “major” food allergens are
that they are water-soluble glycoproteins, are 10 to 70
kD in size, and are relatively stable to heat, acid, and
proteases. In addition, the presence of immunostimu-
latory factors in the food may also contribute to such
sensitization. For example, the major glycoprotein al-
lergen from peanuts, Ara h 1 is not only very stable
and resistant to heatdigestive enzyme degradation
but also acts as a TH2 adjuvant due to the expression
of a glycan adduct.48 However, the biochemical char-
acteristics of a food allergen cannot explain alone its
allergenicity, as only a minority of patient exposed to
it develop allergy. Indeed the natural consequence of
exposure to new foods is tolerance.
Oral tolerance depends on an intact and immu-
nologically active gastrointestinal barrier. This bar-
rier includes the epithelial cells joined by tight junc-
tions and a thick mucus layer, as well as lumenal and
brush border enzymes, bile salts, and extremes of
pH, which contribute to make antigens less immuno-
genic. In addition, innate (natural killer cells, poly-
morphonuclear leukocytes, macrophages, epithelial
cells, and toll-like receptors) and adaptive immunity
(intraepithelial and lamina propria lymphocytes,
Peyer’s patches, IgA, and cytokines) provide an ac-
tive barrier to foreign antigens.49-53
As food allergy is more common in infants,49
higher permeability of the intestinal mucosa in in-
fants and early exposure to allergenic antigens have
been proposed as a possible cause of sensitization in
infant.49 However, it has been shown that the gastro-
intestinal mucosa reaches its maturity in terms of per-
meability at day 2-3 of life and the increased perme-
ability observed in some children with food allergy is
a consequence rather than a cause of the allergic in-
flammation.49,50,54,55 In contrast, early exposure to
foods might prevent the development of food allergy
under some conditions. This is suggested by a recent
study that has shown that Israeli children, who fre-
quently consume a popular peanut snack beginning
before age 1 year, have a 10-fold lower prevalence of
peanut allergy compared with children in the United
States and United Kingdom, where rarely peanuts are
consumed before age of 12 months.42 Additional fac-
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tors have been proposed as necessary to breach the
oral tolerance. A temporary increase of permeability
due to a infectious inflammatory process may in-
crease the absorption of allergenic antigens and favor
sensitization.50 Alternatively sensitization is facili-
tated, if the gastrointestinal barrier is bypassed by
presentation of proteins via alternative routes, such as
the respiratory tract or skin. In oral allergy syn-
drome, also known as pollen-food-related syndrome,
oral tolerance is bypassed because sensitization oc-
curs through the respiratory route, due to cross reac-
tivity between the pollen allergen and allergen con-
tained in fruit (i.e. birch pollen protein Bet v 1 and the
a homologous apple protein, Mal d 1) that usually are
well tolerated when ingested due to their instability in
presence of digestive enzymes.56 Data from murine
models demonstrate that epicutaneous application of
food proteins may result in very strong allergic sensi-
tization and TH2 inflammation.57 Indirect evidence in
human of possible skin sensitization to food allergens
is a study, Lack et al.,58 where an increased risk of
peanut allergy in offspring was found to be related
with the use of infant skin creams containing peanut
and not to maternal peanut ingestion during preg-
nancy or lactation.
Oral tolerance may also be breached due a TH2-
biasing dysregulation of the active immunological
barrier that favors sensitization.49-53 Recent epidemi-
ological studies identify potential environmental influ-
ences that may promote such dysregulation, includ-
ing reduced exposures to bacteria and infections (the
“hygiene hypothesis”), a rise in consumption of
omega-6 and decreased consumption of omega-3
polyunsaturated fatty acids, reduced dietary antioxi-
dants, and excess or deficiency of vitamin D.50,59,60 It
has been proposed that the TH2-dysregulation is due
to an altered equilibrium in the finely regulated rela-
tionship between epithelial cells, antigen-presenting
cells (dendritic cells), and regulatory T cells, that ulti-
mately determine the type of T cell response that a
food allergen elicits. Intestinal epithelial cells may act
as nonprofessional antigen-presenting cells for T lym-
phocytes as they express a class II major histocom-
patibility complex (MHC), however they lack a “sec-
ond signal,” essential for T cell expansion after anti-
gen presentation, suggesting their potential role in in-
duction of tolerance to food antigens.52 Several regu-
latory T cells have been found to be important for oral
tolerance: Th3 cells, a population of CD4+ cells that
secrete transforming growth factor (TGF)-β; Tr1
cells, cells that secrete IL-10; CD4+CD25+ regulatory
T cells, that express the transcription factor FoxP3;
CD8+ suppressor T cells; and gamma-delta T cells.
The role for regulatory T cells in food allergy comes
from a family with severe food allergy carrying with a
FOXp3 mutation.61 Furthermore, increased levels of
T regulatory cells have been reported to be associ-
ated with acquired tolerance to cow’s milk.62
T cell homing to target organs may explain why
some food-allergic diseases are localized and not sys-
temic as in the case of food-associated atopic dermati-
tis or eosinophilic esophagitis. Indeed the CLA (cuta-
neous lymphocyte antigen) is upregulated in food-
responsive T cells only in patients with food-
responsive atopic dermatitis.63 In eosinophilic esoph-
agitis a gene microarray analysis of esophageal tissue
has shown that the mRNA for eotaxin-3 was the most
highly upregulated transcript in eosinophilic esoph-
agitis tissue compared to healthy control esophagus
and was correlated with tissue eosinophilia.64
The non-IgE mediated food allergies represent the
minority of immunologic reactions to food and occur
in the absence of demonstrable food-specific IgE anti-
body in the skin or serum. They are less well charac-
terized, but typically are due to an acute or chronic in-
flammation in the gastrointestinal tract, where
eosinophils and T cells seem to play a major
role.8,43,44 For patients with food protein-induced en-
terocolitis, TNF-α appears to have an important role.
TNF- α can be cultured in vitro from peripheral blood
monocytes in infants with food-protein-induced en-
terocolitis syndrome.65 Chung and colleagues also
found increased staining for TNF-α in duodenal biop-
sies of infants with food-protein-induced enterocolitis
syndrome.66 For eosinophilic esophagitis, eosinophils
and their growth and chemotactic factors play a key
role. Eotaxin-3 is upregulated 50X in the esophageal
tissue compared to controls with chronic esophagi-
tis.64 Also, IL-13 and IL-5 play a key role in the patho-
genesis in murine models67 and increased VCAM-1,
TGF-β in the tissue samples leading to increased tis-
sue fibrosis.68
Finally food allergy is at least in part genetically de-
termined. Peanut allergy, for example, is about ten-
fold more likely to occur in a child with a sibling who
is peanut allergic compared to the general population
risk; however, specific genes have not been identi-
fied.69 Similar for non-IgE-mediated food allergies,
there is a large familial and ethnic difference with a
predominance of Caucasian males with the disor-
der.70-72
DIAGNOSIS
The patient’s history can be a powerful tool, espe-
cially if the patient and family are objective historians.
But the family’s own perceptions and knowledge
often influence history. Food allergy is clearly sus-
pected more often than it is found by accurate diag-
nostic procedures and is confirmed by challenges in
less than 20% of the time. In general, the history can
be more helpful in IgE-mediated disorders, because
these reactions occur so soon after food ingestion
and because multiple target organs are affected. His-
tory is harder for food-protein induced enterocolitis,
where symptoms occur hours later or days later in
eosinophilic esophagitis.
Food Allergy
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Table 1 95% Predictive values for prick skin test and specific IgE
Wheal SizeSpecific IgE (kU/L)Food
(108)13 mm(>2 yr) (78)7Egg
(109)6 mm(<2 yr) (109)2Egg






Thus a systematic review of the patient’s diet is a
highly useful first step. Important historical consid-
erations include the following: 1.) Is the reaction re-
producible? Does it occur each time the food is in-
gested? If not, it is an unlikely trigger. 2.) What is the
time frame for the reaction? Immediate hypersensitiv-
ity reactions generally occur rapidly, often within
minutes and virtually always within 2½ hours.73
Mixed and T-cell mediated reactions have a charac-
teristically delayed onset. Therefore patients with
FPIEC typically begin to have symptoms later than 1
½ hours after ingestion. Additional clinical history
elements can be helpful. Timing of the first and last
occurrences can reveal whether sensitivity is increas-
ing or waning. These considerations together with
the quantity necessary to trigger a reaction are help-
ful for planning diagnostic challenge procedures as
well. Occasionally, the history can be complicated by
the fact that trace amounts of foods may occur in cer-
tain products.
LABORATORY STUDIES
Immediate hypersensitivity skin tests (prick skin
tests) examine for the presence of food protein spe-
cific IgE. In general, skin tests have positive predic-
tive accuracies of about 50%; but their negative pre-
dictive values are in excess of 95%.74 The larger the
size of wheal on skin test, the more likely a patient
will react to the food74-76 (Table 1). The size of the
wheal or flare on skin test unfortunately does not pre-
dict the severity of the reaction. Furthermore, the age
of the patient, previous exposurereactions to the
food and the type of food changes the predictive
value for a wheal size. In general, the younger the
age, the smaller the skin test needs to be positive pre-
dictive value; a negative skin test for IgE-mediated
problems is very helpful as false negative reactions
are rare.
An alternative method to detect food protein spe-
cific IgE is by in vitro methods, (FEIA-CAP or “RAST
test”). Some investigators may prefer to use in vitro
testing when there is persistent dermatographism
(rare), severe eczema, or when families are reluctant
either to discontinue H1 blockers. Similar to prick
skin tests, a “cut-off” value can be developed for pre-
dicting 95%77,78 or even 50% predictive values79 on
food challenges (Table 1). However, similar to prick
skin test, the predictive values changes for the food,
age of the patient or the history of previous reaction.
Predictive values can only be developed for milk, egg,
peanut, tree nuts, sesame seed and fish. 95% predic-
tive values can not be developed for soy and wheat.
The younger patients have a lower “cut-off” value for
95% predictive value, while no previous exposure to
the food or clear history has a higher predictive value
(Table 1).
For non-IgE-mediated disorders, fewer laboratory
diagnostic tools exist. Atopy patch test have been
used for eosinophilic esophagitis, food protein in-
duced enterocolitis and atopic dermatitis.80-84 Com-
pared to prick skin test, atopy patch test is more spe-
cific, but less sensitive.81,85-87 The negative predictive
value is close to 90% except for milk, where it is close
to 60%. Therefore, atopy patch test can be provide
guidance but not absolute for dietary advice for non-
IgE mediated food allergy. Eosinophils in the blood
or stool may point to an ongoing enteropathy, but
these findings are certainly nonspecific. Serum levels
of allergen-specific IgG are not helpful. Endoscopy
followed by examination of biopsy specimens are the
most important tools in non-IgE-mediated disorders
and critical for the diagnosis of eosinophilic esophagi-
tis. Challenges are needed to identify specific food
triggers in all cases.
There are no tests that indicate the severity or
what patients are at high risk for severe allergic reac-
tion or anaphylaxis.73 However, recent work by Vadas
and colleagues examining patients with experienced
fatal and nonfatal peanut-induced anaphylaxis com-
pared to normal controls, patients with food allergy
and patients with mild peanut reactions. The patients
with peanut anaphylaxis had elevated platelet-
activating factor (PAF) and decreased PAF acetylhy-
drolase suggesting failure of PAF acetylhydrolase to
inactivate PAF contributes to anaphylaxis.88
ORAL FOOD CHALLENGES
Often an elimination diet provides diagnostic informa-
tion as well as symptomatic relief. If not, it is possible
that not all responsible foods have been eliminated
Cianferoni A et al.
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(not all detected in diagnostic work-up, hidden ingre-
dients, or sufficient allergen is contained in “hy-
poallergenic” casein hydrolysate formula in milk-
sensitive patient). Elemental diets (Neocate, EleCare)
may also be helpful as these avoid all protein aller-
gens. If the elimination diet is successful, food chal-
lenges are indicated to confirm the diagnosis and
clarify the individual food triggers. For gastrointesti-
nal disorders, biopsy after elimination (normaliza-
tion) and then after reintroduction (inflammatory re-
sponse) can help identify responsible food triggers.
Oral food challenges are the key to establishing
the identity of specific food triggers. Most rigorous
method is double-blinded and placebo controlled
(DBPC), but single blind (patient) and open chal-
lenges can be performed. The least time intensive
procedure is the open challenge. If endpoints are spe-
cifically defined and documented, this procedure is
satisfactory for diagnostic purposes.76 DBPC chal-
lenges are indicated when the endpoints are subjec-
tive complaints (bias is possible) or there are specific
research objectives.
FOOD ALLERGY THERAPY
The only proven therapy is food elimination. How-
ever, many families find it is difficult to read labels as
many foods have multiple ways to call an ingredient
(for example, casein, whey and lactoalbumin for
milk). Therefore, governments enacted labeling laws.
For example, in Japan, labeling of food for common
allergies by Ministry of Health, Labour and Welfare
(2001) mandate labeling for 5 food (milk, egg, pea-
nut, wheat and buckwheat) with Ministerial Ordi-
nance No.23 of 2001 and recommended labeling for
19 more foods (abalone, squid, salmon roe, shrimp
prawn, orange, crab, kiwifruit, beef, tree nuts,
salmon, mackerel, soybeans, chicken, pork, Matsu-
take mushrooms, peaches, yams, apples and gelatin).
The United States enacted FALPCA in 2005 to help
with reading labels to prevent accidental exposure to
foods for 8 most common food allergens (milk, egg,
peanuts, tree nuts, fish, shellfish, soy, and wheat). All
patients at risk for anaphylaxis must be trained to
identify early symptoms and be prepared to treat ap-
propriately. Auto-injectable epinephrine is essential
together with education to help identify avoidable
risks.
FUTURE THERAPIES
One alternative approach to prevent food allergies
was to delay the introduction, promote breast feeding
or remove the allergen from the mother’s diet during
pregnancy. Overall, these therapeutic options have
not been successful. In fact, the recent study by Lack
and colleagues suggest that the delayed introduction
of peanut in the England can account for the in-
creased food allergy compared to “genetically”
matched control group in Israel with 10 fold peanut
allergy in England.42 However, this can not account
for the increased rate of sesame seed allergy in Is-
rael, which is also introduced early into the diet.89
The only dietary measure which has been shown to
be important in well conduced longitudinal studies is
the introduction formulas and solid foods into infants’
diet before 4-6 months of age diets.90,91 Therefore,
the American Academy of Pediatrics no longer rec-
ommends food avoidance during pregnancy and has
no specific recommendation on food reintroduction
beside breast feeding and no solids until 4 months of
age.92
New studies of alternate routes of allergen admini-
stration are in progress.93 In a recent study, sublin-
gual immunotherapy with hazelnut was successful in
reducing symptoms in 23 adults with hazelnut al-
lergy.94,95 About 50% of the patients in the active
group reached maximum doses (20 g), while only 9%
in the placebo group reached the maximum doses.
This data indicates a tolerance to hazelnut after sub-
lingual immunotherapy is possible as assessed by
double-blind, placebo-controlled food challenge.
Using a standardized oral immunotherapy (OIT)
protocol for treatment of various food allergies, Patri-
arca et al.96,97 reported that 83% of food-allergic sub-
jects completing the protocol could subsequently tol-
erate the food to which they were previously allergic.
The most common food allergy in their cohort was
milk, followed by egg and fish. In comparison to age-
matched food allergic controls, subjects receiving
OIT demonstrated a significant decrease in food-
specific IgE and an increase in specific IgG4.96,97
Meglio and colleagues employed an OIT protocol in
children with proven IgE-mediated sensitivity to
milk.98,99 In 6 months, 15 of 21 children were fully de-
sensitized; 3 children were partially so. Even the par-
tial desensitization dramatically reduced the risk of
severe reactions after accidental or unnoticed inges-
tion of cow’s milk at low quantities. At 4-5 years of
follow-up, 1420 children totally (n = 13, 65%) or par-
tially (n = 1, 5%) tolerated cow’s milk. Also, Burks and
colleagues used another OIT protocol to successfully
desensitize 7 children with egg allergy and confirmed
with DBPC food challenge.100 Egg-specific IgG con-
centrations increased significantly similar to Patriarca
96,97 suggests that this might be a marker for develop-
ment of tolerance.
CHINESE HERBAL THERAPIES
Recent work by Li has suggested the unique combi-
nation of herbs Zhi Fu Zi (Radix Lateralis Aconiti Car-
michaeli Praeparata) and Xi Xin (Herba Asari),could
also help with the induction of tolerance.101,102 These
herbs have been successful in murine models of pea-
nut allergy and anaphylaxis. All placebo-treated mice
developed severe anaphylactic signs, increased
plasma histamine levels, and marked vascular leak-
age. In contrast, no sign of anaphylactic reactions was
Food Allergy
Allergology International Vol 58, No4, 2009 www.jsaweb.jp 463
observed in actively-treated mice.101,102 But, this ther-
apy has not been tried in any clinical trials in humans.
Other potential therapies including anti-IgE antibod-
ies, cytokineanticytokine therapies, and novel immu-
notherapies utilizing engineered proteins.103 For ex-
ample, development of non-allergic protein can pre-
vent binding to IgE and anaphylaxis, but allow bind-
ing to T cells and induce tolerance. Hypoallergenic
proteins have been made for peanut,104 fish,105 and
others. This model has been successful in a murine
peanut model with decreased anaphylaxis.106 Ad-
vances in the understanding of anaphylaxis may also
lead to new therapies for food allergy. The finding by
Vadas and colleagues of elevated PAF levels in pa-
tients with peanut anaphylaxis suggesting the impor-
tance of the PAF pathway.88 They continued their
work and have now found that blockade of PAF path-
way can also prevent anaphylaxis in a murine
model.107
CONCLUSION
Food allergies are a common pediatric condition af-
fecting 4-6% of the US population. Food allergies are
continuing to rise similar to other food allergies, but
the exact cause for the rise is unknown. Increased
understanding for the pathogenesis of both IgE and
non-IgE mediated reactions have been done with the
use of new techniques and murine models. These ad-
vances are creating the opportunities for novel thera-
pies for food allergy. However, at the current time,
the only treatment is avoidance.
REFERENCES
1. Imamura T, Kanagawa Y, Ebisawa M. A survey of patients
with self-reported severe food allergies in Japan. Pediatr
Allergy Immunol 2008;19:270-4.
2. Shek LP, Lee BW. Food allergy in children-the Singapore
story. Asian Pac J Allergy Immunol 1999;17:203-6.
3. Eriksson NE, Moller C, Werner S, Magnusson J,
Bengtsson U, Zolubas M. Self-reported food hypersensi-
tivity in Sweden, Denmark, Estonia, Lithuania, and Rus-
sia. J Investig Allergol Clin Immunol 2004;14:70-9.
4. Sampson HA. Food allergy. Part 1: Immunopathogenesis
and clinical disorders. J Allergy Clin Immunol 1999;103
(Pt 1):717-28.
5. Sampson HA. Food allergy. Part 2: diagnosis and manage-
ment. J Allergy Clin Immunol 1999;103:981-9.
6. Sicherer SH, Sampson HA. Food allergy: recent advances
in pathophysiology and treatment. Annu Rev Med 2009;
60:261-77.
7. Nowak-Wegrzyn A, Sampson HA. Adverse reactions to
foods.Med Clin North Am 2006;90:97-127.
8. Lee LA, Burks AW. Food allergies: prevalence, molecular
characterization, and treatmentprevention strategies.
Annu Rev Nutr 2006;26:539-65.
9. Bock SA. Prospective appraisal of complaints of adverse
reactions to foods in children during the first 3 years of
life. Pediatrics 1987;79:683-8.
10. Roehr CC, Edenharter G, Reimann S et al. Food allergy
and non-allergic food hypersensitivity in children and ado-
lescents. Clin Exp Allergy 2004;34:1534-41.
11. Venter C, Pereira B, Grundy J et al. Incidence of paren-
tally reported and clinically diagnosed food hypersensitiv-
ity in the first year of life. J Allergy Clin Immunol 2006;
117:1118-24.
12. Venter C, Pereira B, Grundy J, Clayton CB, Arshad SH,
Dean T. Prevalence of sensitization reported and objec-
tively assessed food hypersensitivity amongst six-year-old
children: a population-based study. Pediatr Allergy Immu-
nol 2006;17:356-63.
13. Venter C, Pereira B, Voigt K et al. Prevalence and cumu-
lative incidence of food hypersensitivity in the first 3
years of life. Allergy 2008;63:354-9.
14. Sicherer SH, Munoz-Furlong A, Sampson HA. Prevalence
of seafood allergy in the United States determined by a
random telephone survey. J Allergy Clin Immunol 2004;
114:159-65.
15. Pereira B, Venter C, Grundy J, Clayton CB, Arshad SH,
Dean T. Prevalence of sensitization to food allergens, re-
ported adverse reaction to foods, food avoidance, and
food hypersensitivity among teenagers. J Allergy Clin Im-
munol 2005;116:884-92.
16. Yocum MW, Butterfield JH, Klein JS, Volcheck GW,
Schroeder DR, Silverstein MD. Epidemiology of anaphy-
laxis in Olmsted County: A population-based study. J Al-
lergy Clin Immunol 1999;104 (Pt 1):452-6.
17. Bock SA, Munoz-Furlong A, Sampson HA. Fatalities due
to anaphylactic reactions to foods. J Allergy Clin Immunol
2001;107:191-3.
18. Novembre E, Cianferoni A, Bernardini R et al. Anaphy-
laxis in children: clinical and allergologic features. Pediat-
rics 1998;101:E8.
19. Eigenmann PA, Sicherer SH, Borkowski TA, Cohen BA,
Sampson HA. Prevalence of IgE-mediated food allergy
among children with atopic dermatitis. Pediatrics 1998;
101:E8.
20. Forbes LR, Saltzman RW, Spergel JM. Food allergies and
atopic dermatitis: differentiating myth from reality. Pedi-
atr Ann 2009;38:84-90.
21. Illi S, von Mutius E, Lau S et al. The natural course of
atopic dermatitis from birth to age 7 years and the asso-
ciation with asthma. J Allergy Clin Immunol 2004;113:
925-31.
22. Spergel JM. Eosinophilic esophagitis in adults and chil-
dren: evidence for a food allergy component in many pa-
tients. Curr Opin Allergy Clin Immunol 2007;7:274-8.
23. Spergel JM, Brown-Whitehorn TF, Beausoleil JL et al. 14
years of eosinophilic esophagitis: clinical features and
prognosis. J Pediatr Gastroenterol Nutr 2009;48:30-6.
24. Bock SA, Atkins FM. Patterns of food hypersensitivity
during sixteen years of double-blind, placebo-controlled
food challenges. J Pediatr 1990;117:561-7.
25. Schrander JJ, van den Bogart JP, Forget PP, Schrander-
Stumpel CT, Kuijten RH, Kester AD. Cow’s milk protein
intolerance in infants under 1 year of age: a prospective
epidemiological study. Eur J Pediatr 1993;152:640-4.
26. Grundy J, Matthews S, Bateman B, Dean T, Arshad SH.
Rising prevalence of allergy to peanut in children: Data
from 2 sequential cohorts. J Allergy Clin Immunol 2002;
110:784-9.
27. Eggesbo M, Botten G, Halvorsen R, Magnus P. The
prevalence of allergy to egg: a population-based study in
young children. Allergy 2001;56:403-11.
28. Host A, Halken S, Jacobsen HP, Christensen AE, Her-
skind AM, Plesner K. Clinical course of cow’s milk pro-
tein allergyintolerance and atopic diseases in childhood.
Pediatr Allergy Immunol 2002;13 (Suppl 15):23-8.
Cianferoni A et al.
464 Allergology International Vol 58, No4, 2009 www.jsaweb.jp
29. Saarinen KM, Pelkonen AS, Makela MJ, Savilahti E. Clini-
cal course and prognosis of cow’s milk allergy are de-
pendent on milk-specific IgE status. J Allergy Clin Immu-
nol 2005;116:869-75.
30. Savage JH, Matsui EC, Skripak JM, Wood RA. The natu-
ral history of egg allergy. J Allergy Clin Immunol 2007;
120:1413-7.
31. Skolnick HS, Conover-Walker MK, Koerner CB, Sampson
HA, Burks W, Wood RA. The natural history of peanut al-
lergy. J Allergy Clin Immunol 2001;107:367-74.
32. Agne PS, Bidat E, Agne PS, Rance F, Paty E. Sesame seed
allergy in children. Eur Ann Allergy Clin Immunol 2004;
36:300-5.
33. Fleischer DM, Conover-Walker MK, Matsui EC, Wood
RA. The natural history of tree nut allergy. J Allergy Clin
Immunol 2005;116:1087-93.
34. Rhodes HL, Sporik R, Thomas P, Holgate ST, Cogswell
JJ. Early life risk factors for adult asthma: a birth cohort
study of subjects at risk. J Allergy Clin Immunol 2001;
108:720-5.
35. Nickel R, Kulig M, Forster J et al. Sensitization to hen’s
egg at the age of twelve months is predictive for allergic
sensitization to common indoor and outdoor allergens at
the age of three years. J Allergy Clin Immunol 1997;99:
613-7.
36. Wahn U, von Mutius E. Childhood risk factors for atopy
and the importance of early intervention. J Allergy Clin Im-
munol 2001;107:567-74.
37. Poulos LM, Waters AM, Correll PK, Loblay RH, Marks
GB. Trends in hospitalizations for anaphylaxis, angioe-
dema, and urticaria in Australia, 1993-1994 to 2004-2005. J
Allergy Clin Immunol 2007;120:878-84.
38. Sheikh A, Alves B. Hospital admissions for acute anaphy-
laxis: time trend study. BMJ 2000;320:1441.
39. Sicherer SH, Munoz-Furlong A, Burks AW, Sampson HA.
Prevalence of peanut and tree nut allergy in the US deter-
mined by a random digit dial telephone survey. J Allergy
Clin Immunol 1999;103:559-62.
40. Bach JF. The effect of infections on susceptibility to auto-
immune and allergic diseases. N Engl J Med 2002;347:
911-20.
41. Schaub B, Lauener R, von Mutius E. The many faces of
the hygiene hypothesis. J Allergy Clin Immunol 2006;117:
969-77;quiz 978.
42. Du Toit G, Katz Y, Sasieni P et al. Early consumption of
peanuts in infancy is associated with a low prevalence of
peanut allergy. J Allergy Clin Immunol 2008;122:984-91.
43. Yan BM, Shaffer EA. Primary eosinophilic disorders of
the gastrointestinal tract. Gut 2009;58:721-32.
44. Gray HC, Foy TM, Becker BA, Knutsen AP. Rice-induced
enterocolitis in an infant: TH1TH2 cellular hypersensitiv-
ity and absent IgE reactivity. Ann Allergy Asthma Immu-
nol 2004;93:601-5.
45. Sampson HA, Broadbent KR, Bernhisel-Broadbent J.
Spontaneous release of histamine from basophils and
histamine-releasing factor in patients with atopic dermati-
tis and food hypersensitivity. N Engl J Med 1989;321:228-
32.
46. Sampson HA, Mendelson L, Rosen JP. Fatal and near-fatal
anaphylactic reactions to food in children and adoles-
cents. N Engl J Med 1992;327:380-4.
47. Radauer C, Breiteneder H. Evolutionary biology of plant
food allergens. J Allergy Clin Immunol 2007;120:518-25.
48. Shreffler WG, Castro RR, Kucuk ZY et al. The major gly-
coprotein allergen from Arachis hypogaea, Ara h 1, is a
ligand of dendritic cell-specific ICAM-grabbing nonin-
tegrin and acts as a Th2 adjuvant in vitro. J Immunol 2006;
177:3677-85.
49. Chehade M, Mayer L. Oral tolerance and its relation to
food hypersensitivities. J Allergy Clin Immunol 2005;115:
3-12;quiz 13.
50. Heyman M. Symposium on ‘dietary influences on mu-
cosal immunity’. How dietary antigens access the mu-
cosal immune system. Proc Nutr Soc 2001;60:419-26.
51. Iwasaki A. Mucosal dendritic cells. Annu Rev Immunol
2007;25:381-418.
52. Dahan S, Roth-Walter F, Arnaboldi P, Agarwal S, Mayer
L. Epithelia: lymphocyte interactions in the gut. Immunol
Rev 2007;215:243-53.
53. Mowat AM. Anatomical basis of tolerance and immunity
to intestinal antigens. Nat Rev Immunol 2003;3:331-41.
54. Heyman M, Grasset E, Ducroc R, Desjeux JF. Antigen ab-
sorption by the jejunal epithelium of children with cow’s
milk allergy. Pediatr Res 1988;24:197-202.
55. Weaver LT, Laker MF, Nelson R. Enhanced intestinal
permeability in preterm babies with bloody stools. Arch
Dis Child 1984;59:280-1.
56. Fernandez-Rivas M, Bolhaar S, Gonzalez-Mancebo E et al.
Apple allergy across Europe: how allergen sensitization
profiles determine the clinical expression of allergies to
plant foods. J Allergy Clin Immunol 2006;118:481-8.
57. Spergel JM, Mizoguchi E, Brewer JP, Martin TR, Bhan
AK, Geha RS. Epicutaneous sensitization with protein an-
tigen induces localized allergic dermatitis and hyperre-
sponsiveness to methacholine after single exposure to
aerosolized antigen in mice. J Clin Invest 1998;101:1614-
22.
58. Lack G, Fox D, Northstone K, Golding J. Factors associ-
ated with the development of peanut allergy in childhood.
N Engl J Med 2003;348:977-85.
59. Lack G. Epidemiologic risks for food allergy. J Allergy
Clin Immunol 2008;121:1331-6.
60. Romagnani P, Annunziato F, Piccinni MP, Maggi E, Ro-
magnani S. Th1Th2 cells, their associated molecules and
role in pathophysiology. Eur Cytokine Netw 2000;11:510-
1.
61. Torgerson TR, Linane A, Moes N et al. Severe food al-
lergy as a variant of IPEX syndrome caused by a deletion
in a noncoding region of the FOXP3 gene. Gastroenterol-
ogy 2007;132:1705-17.
62. Karlsson MR, Rugtveit J, Brandtzaeg P. Allergen-
responsive CD4+CD25+ regulatory T cells in children
who have outgrown cow’s milk allergy. J Exp Med 2004;
199:1679-88.
63. Abernathy-Carver KJ, Sampson HA, Picker LJ, Leung DY.
Milk-induced eczema is associated with the expansion of
T cells expressing cutaneous lymphocyte antigen. J Clin
Invest 1995;95:913-8.
64. Blanchard C, Wang N, Stringer KF et al. Eotaxin-3 and a
uniquely conserved gene-expression profile in eosino-
philic esophagitis. J Clin Invest 2006;116:536-47.
65. Benlounes N, Candalh C, Matarazzo P, Dupont C, Hey-
man M. The time-course of milk antigen-induced TNF-
alpha secretion differs according to the clinical symptoms
in children with cow’s milk allergy. J Allergy Clin Immunol
1999;104 (Pt 1):863-9.
66. Chung HL, Hwang JB, Park JJ, Kim SG. Expression of
transforming growth factor beta1, transforming growth
factor type I and II receptors, and TNF-alpha in the mu-
cosa of the small intestine in infants with food protein-
induced enterocolitis syndrome. J Allergy Clin Immunol
2002;109:150-4.
Food Allergy
Allergology International Vol 58, No4, 2009 www.jsaweb.jp 465
67. Blanchard C, Mingler MK, Vicario M et al. IL-13 involve-
ment in eosinophilic esophagitis: transcriptome analysis
and reversibility with glucocorticoids. J Allergy Clin Im-
munol 2007;120:1292-300.
68. Aceves SS, Newbury RO, Dohil R, Bastian JF, Broide DH.
Esophageal remodeling in pediatric eosinophilic esoph-
agitis. J Allergy Clin Immunol 2007;119:206-12.
69. Sicherer SH, Furlong TJ, Maes HH, Desnick RJ, Sampson
HA, Gelb BD. Genetics of peanut allergy: a twin study. J
Allergy Clin Immunol 2000;106 (Pt 1):53-6.
70. Franciosi JP, Tam V, Liacouras CA, Spergel JM. A case-
control study of sociodemographic and geographic char-
acteristics of 335 children with eosinophilic esophagitis.
Clin Gastroenterol Hepatol 2009;7:415-9.
71. Katzka DA. Eosinophilic esophagitis: it’s all in the family.
Gastrointest Endosc 2007;65:335-6.
72. Zink DA, Amin M, Gebara S, Desai TK. Familial
dysphagia and eosinophilia. Gastrointest Endosc 2007;65:
330-4.
73. Spergel JM, Beausoleil JL, Fiedler JM, Ginsberg J, Wag-
ner K, Pawlowski NA. Correlation of initial food reactions
to observed reactions on challenges. Ann Allergy Asthma
Immunol 2004;92:217-24.
74. Eigenmann PA, Sampson HA. Interpreting skin prick
tests in the evaluation of food allergy in children. Pediatr
Allergy Immunol 1998;9:186-91.
75. Eigenmann PA, Calza AM. Diagnosis of IgE-mediated
food allergy among Swiss children with atopic dermatitis.
Pediatr Allergy Immunol 2000;11:95-100.
76. Spergel JM, Beausoleil JL, Fiedler JM, Ginsberg J, Wag-
ner K, Pawlowski NA. Correlation of initial food reactions
to observed reactions on challenges. Ann Allergy Asthma
Immunol 2004;92:217-24.
77. Celik-Bilgili S, Mehl A, Verstege A et al. The predictive
value of specific immunoglobulin E levels in serum for
the outcome of oral food challenges. Clin Exp Allergy
2005;35:268-73.
78. Sampson HA. Utility of food-specific IgE concentrations in
predicting symptomatic food allergy. J Allergy Clin Immu-
nol 2001;107:891-6.
79. Perry TT, Matsui EC, Kay Conover-Walker M, Wood RA.
The relationship of allergen-specific IgE levels and oral
food challenge outcome. J Allergy Clin Immunol 2004;
114:144-9.
80. Fogg MI, Brown-Whitehorn TA, Pawlowski NA, Spergel
JM. Atopy patch test for the diagnosis of food protein-
induced enterocolitis syndrome. Pediatr Allergy Immunol
2006;17:351-5.
81. Heine RG, Verstege A, Mehl A, Staden U, Rolinck-
Werninghaus C, Niggemann B. Proposal for a standard-
ized interpretation of the atopy patch test in children with
atopic dermatitis and suspected food allergy. Pediatr Al-
lergy Immunol 2006;17:213-7.
82. Niggemann B, Reibel S, Wahn U. The atopy patch test
(APT)―a useful tool for the diagnosis of food allergy in
children with atopic dermatitis. Allergy 2000;55:281-5.
83. Seidenari S, Giusti F, Bertoni L, Mantovani L. Combined
skin prick and patch testing enhances identification of
peanut-allergic patients with atopic dermatitis. Allergy
2003;58:45-9.
84. Spergel JM, Beausoleil JL, Mascarenhas M, Liacouras
CA. The use of skin prick tests and patch tests to identify
causative foods in eosinophilic esophagitis. J Allergy Clin
Immunol 2002;109:363-8.
85. Spergel JM, Brown-Whitehorn T, Beausoleil JL, Shuker
M, Liacouras CA. Predictive values for skin prick test and
atopy patch test for eosinophilic esophagitis. J Allergy Clin
Immunol 2007;119:509-11.
86. Darsow U, Laifaoui J, Kerschenlohr K et al. The preva-
lence of positive reactions in the atopy patch test with
aeroallergens and food allergens in subjects with atopic
eczema: a European multicenter study. Allergy 2004;59:
1318-25.
87. Niggemann B. Atopy Patch Test (APT)―its role in diag-
nosis of food allergy in atopic dermatitis. Indian J Pediatr
2002;69:57-9.
88. Vadas P, Gold M, Perelman B et al. Platelet-activating fac-
tor, PAF acetylhydrolase, and severe anaphylaxis. N Engl
J Med 2008;358:28-35.
89. Levy Y, Danon YL. Allergy to sesame seed in infants. Al-
lergy 2001;56:193-4.
90. Saarinen UM, Kajosaari M. Breastfeeding as prophylaxis
against atopic disease: prospective follow-up study until
17 years old. Lancet 1995;346:1065-9.
91. Fergusson DM, Horwood LJ, Shannon FT. Early solid
feeding and recurrent childhood eczema: a 10-year longi-
tudinal study. Pediatrics 1990;86:541-6.
92. Greer FR, Sicherer SH, Burks AW. Effects of early nutri-
tional interventions on the development of atopic disease
in infants and children: the role of maternal dietary re-
striction, breastfeeding, timing of introduction of comple-
mentary foods, and hydrolyzed formulas. Pediatrics 2008;
121:183-91.
93. Wilson DR, Lima MT, Durham SR. Sublingual immuno-
therapy for allergic rhinitis: systematic review and meta-
analysis. Allergy 2005;60:4-12.
94. Enrique E, Malek T, Pineda F et al. Sublingual immuno-
therapy for hazelnut food allergy: a follow-up study. Ann
Allergy Asthma Immunol 2008;100:283-4.
95. Enrique E, Pineda F, Malek T et al. Sublingual immuno-
therapy for hazelnut food allergy: a randomized, double-
blind, placebo-controlled study with a standardized hazel-
nut extract. J Allergy Clin Immunol 2005;116:1073-9.
96. Patriarca G, Nucera E, Pollastrini E et al. Oral specific de-
sensitization in food-allergic children. Dig Dis Sci 2007;
52:1662-72.
97. Patriarca G, Nucera E, Roncallo C et al. Oral desensitizing
treatment in food allergy: clinical and immunological re-
sults. Aliment Pharmacol Ther 2003;17:459-65.
98. Meglio P, Giampietro PG, Gianni S, Galli E. Oral desensi-
tization in children with immunoglobulin E-mediated
cow’s milk allergy―follow-up at 4 yr and 8 months. Pedi-
atr Allergy Immunol 2008;19:412-9.
99. Meglio P, Bartone E, Plantamura M, Arabito E,
Giampietro PG. A protocol for oral desensitization in chil-
dren with IgE-mediated cow’s milk allergy. Allergy 2004;
59:980-7.
100. Buchanan AD, Green TD, Jones SM et al. Egg oral immu-
notherapy in nonanaphylactic children with egg allergy. J
Allergy Clin Immunol 2007;119:199-205.
101. Srivastava KD, Kattan JD, Zou ZM et al. The Chinese
herbal medicine formula FAHF-2 completely blocks ana-
phylactic reactions in a murine model of peanut allergy. J
Allergy Clin Immunol 2005;115:171-8.
102. Li XM, Zhang TF, Huang CK et al. Food Allergy Herbal
Formula-1 (FAHF-1) blocks peanut-induced anaphylaxis
in a murine model. J Allergy Clin Immunol 2001;108:639-
46.
103. Sicherer SH, Sampson HA. Food allergy: recent advances
in pathophysiology and treatment. Annu Rev Med 2009;
60:261-77.
104. Rabjohn P, West CM, Connaughton C et al. Modification
Cianferoni A et al.
466 Allergology International Vol 58, No4, 2009 www.jsaweb.jp
of peanut allergen Ara h 3: effects on IgE binding and T
cell stimulation. Int Arch Allergy Immunol 2002;128:15-
23.
105. Swoboda I, Bugajska-Schretter A, Linhart B et al. A re-
combinant hypoallergenic parvalbumin mutant for immu-
notherapy of IgE-mediated fish allergy. J Immunol 2007;
178:6290-6.
106. Li XM, Srivastava K, Grishin A et al. Persistent protective
effect of heat-killed Escherichia coli producing “engi-
neered,” recombinant peanut proteins in a murine model
of peanut allergy. J Allergy Clin Immunol 2003;112:159-
67.
107. Arias K, Baig M, Colangelo M et al. Concurrent blockade
of platelet-activating factor and histamine prevents life-
threatening peanut-induced anaphylactic reactions. J Al-
lergy Clin Immunol 2009;124:307-14.
108. Verstege A, Mehl A, Rolinck-Werninghaus C et al. The
predictive value of the skin prick test weal size for the out-
come of oral food challenges. Clin Exp Allergy 2005;35:
1220-6.
109. Boyano Martinez T, Garcia-Ara C, Diaz-Pena JM, Munoz
FM, Garcia Sanchez G, Esteban MM. Validity of specific
IgE antibodies in children with egg allergy. Clin Exp Al-
lergy 2001;31:1464-9.
110. Monti G, Muratore MC, Peltran A et al. High incidence of
adverse reactions to egg challenge on first known expo-
sure in young atopic dermatitis children: predictive value
of skin prick test and radioallergosorbent test to egg pro-
teins. Clin Exp Allergy 2002;32:1515-9.
111. Roberts G, Lack G. Diagnosing peanut allergy with skin
prick and specific IgE testing. J Allergy Clin Immunol
2005;115:1291-6.
112. Sporik R, Hill DJ, Hosking CS. Specificity of allergen skin
testing in predicting positive open food challenges to
milk, egg and peanut in children. Clin Exp Allergy 2000;
30:1540-6.
